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ABSTRACT. This study aimed to investigate intestinal helminth infection in stray dogs in Osaka Prefecture by surveying coprological samples 
from dogs captured from 2006-2011. Of 212 fecal samples collected, overall prevalence of infection was 39.2%. The most common 
species was Toxocara canis (25.0%), followed by Trichuris vulpis (8.0%), Spirometra erinaceieuropaei (3.3%), Taeniidae (2.4%), Ancy- 
lostoma caninum (1.9%) and Toxascaris leonine (0.5%). In the molecular analysis, all of the taeniid eggs were negative iox Echinococcus 
multilocularis and were identified as other taeniid species (e.g.. Taenia pisiformis). Our results suggest that stray dogs remain important 
infection reservoirs of zoonotic parasites in Osaka Prefecture. Therefore, control of stray dogs is crucial for reducing the risk of public 
health problems due to parasitic infections. 
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Dogs are recognized carriers of various zoonotic diseases. 
Among them, parasitic diseases caused by intestinal helmin- 
thes, such are Echinococcus spp. and Toxocara canis, are 
known to be potential public health threats. In Japan, recent 
surveys have reported a decreasing prevalence of intestinal 
helminthes in various owned and stray dog populations [1, 
12, 17]. However, all of those studies were performed in the 
eastern part of Japan, and there have been no new prevalence 
data on intestinal helminthes in stray dogs in the western part 
since 1982 [15]. The aim of this study was to clarify the cur- 
rent prevalence of intestinal helminthes among stray dogs 
in Osaka, the most densely populated prefecture of western 
Japan. A coprological survey was performed through con- 
ventional microscopy, and additional molecular tests were 
performed when necessary. 

From June 2006 to February 2010, fecal samples were 
collected from 212 stray dogs admitted to 4 public animal 
shelters in Osaka Prefecture (northern, northeastern, south- 
eastern and southern). Location of dogs captured included 
both urban and rural residential areas as well as riverbanks 
and public parks. The data, sex and age -class were recorded 
at the time of collection. On the basis of tooth development 
(dogs retain their deciduous teeth until 4-5 months of age), 
the dogs were classified into two age classes as juvenile 
and adult. All samples were stored at 4°C until examined. 
A formalin-ethyl acetate sedimentation technique [19] 
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with 0.5 g of fecal material was employed for separating 
and concentrating helminth eggs, and approximately half 
of the sediment volume was used for microscopy. Species 
identification of the helminth eggs was made on the basis of 
morphological characteristics. Because the eggs of taeniid 
tapeworms morphologically resemble each other [14], they 
were subjected to a fiirther molecular discrimination. First, 
ovum DNA was extracted from a batch of 10 taeniid eggs 
using a protocol described by Bretagne et al. [3]. Either of 
the 2 mitochondrial DNA regions, the 12S ribosomal RNA 
(12S rRNA) gene or the cytochrome c oxidase subunit 1 
(coxl) gene, were amplified using previously published 
primers [2, 16]. The success of amplification was verified 
by electrophoresis in a 1.5% agarose gel. Each polymerase 
chain reaction product was then directly sequenced in both 
directions with a BigDye terminator (Applied Biosystems, 
Foster City, CA, U.S.A.). A homology search was performed 
with Basic Local Alignment Search Tool software from the 
National Center for Biotechnology Information home page 
(http;//www.ncbi. nlm.nih.gov). If the sample showed super- 
imposed peaks on an electropherogram, up to 20 eggs were 
collected and reexamined individually by molecular analy- 
sis. A Pearson's test with Yates' correction for continuity 
(2-tailed) was performed to examine differences between 
groups. When the overall P-value was significant (P<0.05), 
a post hoc multiple comparison was done using confidence 
intervals (CIs) to find the difference in proportions between 
any 2 groups. Statistical analysis and calculation of CIs were 
carried out using S-PLUS 6.1 (Insightfiil Corp, Seattle, WA, 
U.S.A.) and Microsoft Excel 2010 (Microsoft Corp, Red- 
mond, WA, U.S.A.), respectively. 

Of the 212 dogs, 83 were positive (39.2%) for at least 1 
intestinal helminth. The helminth species identified were T. 
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Table 1 . Age-related prevalence of helminth eggs in feces of stray dogs captured in Osaka Prefecture, Japan 



Age class 



Species 


<5 months (n= 


=132) 


>5 months (n= 


=80) 




No. of 
positives (%) 


95% CI of 
positives 


No. of 
positives (%) 


95% CI of 
positives 


Ancylostoma caninum 
Toxascaris leonina 
Toxocara canis 
Trichuris vulpis 
Spirometra erinaceieuropaei 
Taeniidae 


1 (0.8) 
1 (0.8) 
46 (34.9) 
3 (2.3) 
2(1.5) 
1 (0.8) 


0.02-4.2 
0.02-4.2 
27.3-43.3 
0.5-6.5 
0.2-5.4 
0.02-4.2 


3 (3.8) 
0 (0.0) 
7 (8.8) 

14(17.5) 
5 (6.3) 

4 (5.0) 


0.8-10.6 
0-3.7 

4.3- 17.0 
10.7-27.3 

2.7-13.8 

1.4- 12.3 


Total 


51"' (38.6) 


30.8-47.2 


32'') (40.0) 


30.0-51.0 



a) Three dogs were infected with 2 helminth species, b) One dog was infected with 2 helminth species. 



canis (25.0%), Trichuris vulpis (8.0%), Spirometra erinacei- 
europaei (3.3%), Taeniidae (2.4%), Ancylostoma caninum 
(1.9%) and Toxascaris leonine (0.5%). Age-related sig- 
nificant differences were observed in T. canis and T. vulpis 
(Table 1). For T. canis, the prevalence of juvenile (age<5 
months old) and adult (age>5 months old) dogs was 34.9% 
(46 of 132) and 8.8% (7 of 80), respectively. In contrast, the 
prevalence of T. vulpis in juvenile and adult dogs was 2.3% 
(3 of 132) and 17.5% (14 of 80), respectively. In the mo- 
lecular analysis, all of the taeniid eggs detected from 5 dogs 
were negative fori?, multilocularis. The eggs were identified 
as Taenia hydatigena (n=l), T. pisiformis (n=3), T. serialis 
(n=l) and T. taeniaeformis (n=2) (AB704400-AB704406). 
Two dogs with Taeniidae were found to be infected with 2 
different species (T. hydatigena and T. taeniaeformis, and T. 
pisiformis and T. serialis). 

The overall prevalence of intestinal helminthes found in 
our study (39.2%) revealed a high level of infection that is 
comparable with the findings from recent studies carried 
out in the eastern part of Japan [12, 17]; however, it appears 
to be lower compared with the >80% prevalence found in 
a study conducted approximately 3 decades ago in Hyogo, 
a neighboring prefecture of Osaka [15]. One-fourth of the 
stray dogs examined in the present study were infected with 
T. canis, a causative agent of toxocariasis in humans. The 
prevalence rate of T. canis in this study (25.0%) was rela- 
tively higher than that seen in studies performed in Hyogo 
Prefecture (18.4%) and Saitama Prefecture (12.5%) [15, 17], 
probably due to the difference in age classes of the animal 
subjects. It is well known that patent T. canis infection is 
much more common in juvenile dogs than in adult dogs 
[8]. Our results concord with this age-related difference and 
suggest the important role of juvenile dogs in environmental 
contamination [8]. In addition, we also emphasize that a cer- 
tain number of patent infections were found in the adult dog 
group. Experimental studies have clearly demonstrated that 
a low infective dose of embryonated eggs can induce patent 
infection in adult dogs [6, 10]. Therefore, ascarid infection 
among adult dogs should be reconsidered and given much 
more attention. 

Like T. canis, E. multilocularis is another important zoo- 
notic parasite of Japanese dogs. Although T. canis occurs 



nationwide, the distribution of E. multilocularis is thought to 
be limited to Hokkaido Prefecture, the northernmost island 
prefecture of Japan. However, Morishima et al. [11] found 
E. multilocularis infection in dogs transported from Hok- 
kaido to other prefectures. In addition, a dog harboring E. 
multilocularis was found in Saitama Prefecture [18]. These 
findings raised the concern that infected dogs from Hok- 
kaido transported to remote areas might become a source of 
indigenous alveolar echinococcosis in humans. In our study, 
all of the taeniid eggs examined using the molecular method 
were identified as species belonging to the genus Taenia; no 
E. multilocularis infection was found. The result suggests 
that, at present, the possibility that E. multilocularis has be- 
come established in Osaka Prefecture is quite low. However, 
continuous surveying must be done for dogs originating 
from Hokkaido. 

The detection rate of taeniid eggs in our study (2.4%)) was 
higher than that seen in other studies done in Japan (0.2% 
in Hyogo Prefecture and 0.3% in Saitama Prefecture) [15]. 
Since all of the taeniid-positive cases involved dogs from 
rural areas, the difference is probably attributable to a higher 
opportunity for predation of their hosts in these areas. In- 
terestingly, T. taeniaeformis, commonly found in cats, was 
detected in 2 dogs (0.9%). Two previous studies have de- 
tected T. taeniaeformis in dogs; one demonstrated the adult 
tapeworms by autopsy, and the other found the eggs by mi- 
croscopy [4, 5]. Because no postmortem examinations were 
undertaken in the present study, we could not confirm that 
the occurrence of T. taeniaeformis eggs in canine samples 
was due to presence of an adult tapeworm. A possible ex- 
planation may be that dogs shed T. taeniaeformis eggs in 
their feces in coprophagic behavior, as previously suggested 
in the cases of other feline parasites seen in dogs [7, 9, 13]. 

In conclusion, we found that stray dogs in Osaka Prefec- 
ture were infected with several species of intestinal helmin- 
thes, including zoonotic species. Although E. multilocularis 
was not detected, the present results suggest that the stray 
dogs in the study area can still act as a reservoir for transmit- 
ting zoonotic parasitic diseases both to humans and to other 
dogs. Therefore, both control of stray dogs and appropriate 
public health education for residents are continually needed 
to reduce the risks of zoonotic infections. 



INTESTINAL HELMINTHES IN STRAY DOGS IN OSAKA 



1411 



ACKNOWLEDGMENTS. The authors thank the staff of 
the animal shelters of the Osaka Prefectural Government 
for sample collection and Dr. Shoji Uga, Kobe University 
School of Medicine, for the helpfiil discussions. 

REFERENCES 

1. Asano, K., Suzuki, K., Matsumoto, T., Sakai, T. and Asano, R. 
2004. Prevalence of dogs with intestinal parasites in Tochigi, 
Japan in 1979, 1991 and 2002. Vet. Parasitol. 120: 243-248. 
[Medline] [CrossRcf] 

2. Bowles, J. and McManus, D. P. 1993. Rapid discrimination 
of Echinococcus species and strains using a polymerase chain 
reaction-based RFLP method. Mol. Biochem. Parasitol. 57: 
231-239. [Medline] [CrossRef] 

3. Bretagne, S., Guillou, J. R, Morand, M. and Houin, R. 1993. 
Detection of Echinococcus mtiltilociilaris DNA in fox faeces us- 
ing DNA amplification. Parasitolog)' 106: 193-199. [Medline] 
[CrossRef] 

4. Dyachenko, V., Pantchev, N., Gawlowska, S., Vrhovec, M. G. 
and Bauer, C. 2008. Echinococcus multilocularis infections 
in domestic dogs and cats from Germany and other European 
countries. Vet. Parasitol. 157: 244-253. [Medline] [CrossRef] 

5. El-Shehabi, F. S., Abdel-Hafez, S. K. and Kamhawi, S. A. 1999. 
Prevalence of intestinal helminths of dogs and foxes from Jor- 
dan. Parasitol. Res. 85: 928-934. [Medline] [CrossRef] 

6. Fahrion, A. S., Staebler, S. and Deplazes, P. 2008. Patent Toxo- 
cara canis infections in previously exposed and in helminth-free 
dogs after infection with low numbers of embryonated eggs. Vet. 
Parasitol. 152: 108-115. [Medline] [CrossRef] 

7. Fahrion, A. S., Schnyder, M., Wichert, B. and Deplazes, P 2011. 
Toxocara eggs shed by dogs and cats and their molecular and 
morphometric species-specific identification: is the finding of 
T. cati eggs shed by dogs of epidemiological relevance? Vet. 
Parasitol. Ill: 186-189. [Medline] [CrossRef] 

8. Lee, A. C, Schantz, P. M., Kazacos, K. R., Montgomery, S. P. 
and Bowman, D. D. 2010. Epidemiologic and zoonotic aspects 
of ascarid infections in dogs and cats. Trends Parasitol. 26: 
155-161. [Medline] [CrossRef] 

9. Lindsay, D. S., Dubey, J. P, Butler, J. M. and Blagbum, B. L. 
1997. Mechanical transmission of Toxoplasma gondii oocysts by 
dogs. Vet. Parasitol. 73: 27-33. [Medline] [CrossRef] 



10. Maizels, R. M. and Meghji, M. 1984. Repeated patent infection 
of adult dogs with Toxocara canis. J. Helminthol. 58: 327-333. 
[Medline] [CrossRef] 

11. Morishima, Y, Sugiyama, H., Arakawa, K. and Kawanaka, M. 

2006. Echinococcus multilocularis in dogs, Japan. Emerg. In- 
fect Dis. 12: 1292-1294. [Medline] [CrossRef] 

12. Morishima, Y, Sugiyama, H., Arakawa, K. and Kawanaka, M. 

2007. Intestinal helminths of dogs in northern Japan. Vet. Rec. 
160: 700-701. [Medline] [CrossRef] 

13. Schares, G., Pantchev, N., Barutzki, D., Heydom, A. O., Bauer, 
C. and Conraths, F. J. 2005. Oocysts of Neospora caninum, 
Hammondia heydorni, Toxoplasma gondii and Hammondia 
hammondi in faeces collected from dogs in Germany. Int. J. 
Parasitol. 35: 1525-1537. [Medline] [CrossRef] 

14. Thompson, R. C. A. 1995. Biology and systematics of Echi- 
nococcus. pp. 1-50. In: Echinococcus and Hydatid Disease 
(Thompson. R. C. A. and Lymbery. A. J. eds.), CAB Interna- 
tional, Wallingford. 

15. Uga, S., Mizuno, F., Matsumura, T., Ito, T., Shiomi, M., Wata- 
nabe, Y, Yamada, T., Onishi, T. and Goto, Y. 1982. A helmin- 
thological survey of stray dogs in Hyogo Prefecture. Jpn. J. 
Parasitol. 31: 61-67. 

16. von Nickisch-Rosenegk, M., Silva-Gonzalez, R. and Lucius, R. 
1999. Modification of universal 12S rDNA primers for specific 
amplification of contaminated Taenia spp. (Cestoda) gDNA en- 
abling phylogenetic studies. Parasitol. Res. 85: 819-825. [Med- 
line] [CrossRef] 

17. Yamamoto, N., Kon, M., Saito, T., Maeno, N., Koyama, M., 
Sunaoshi, K., Yamaguchi, M., Morishima, Y. and Kawanaka, 
M. 2009. [Prevalence of intestinal canine and feline parasites in 
Saitama Prefecture, Japan]. Kansenshogaku Zasshi 83: 223-228 
(in Japanese with English abstract). [Medline] 

18. Yamamoto, N., Morishima, Y, Kon, M., Yamaguchi, M., Tanno, 
S., Koyama, M., Maeno, N., Azuma, H., Mizusawa, H., Kimura, 
H., Sugiyama, H., Arakawa, K. and Kawanaka, M. 2006. The 
first reported case of a dog infected with Echinococcus multi- 
locularis in Saitama prefecture, Japan. Jpn. J. Infect. Dis. 59: 
351-352. [Medline] 

19. Young, K. H., Bullock, S. L., Melvin, D. M. and Spruill, C. 
L. 1979. Ethyl acetate as a substitute for diethyl ether in the 
formalin-ether sedimentation technique. Clin. Microbiol. 10: 
852-853. [Medline] 



